Background: Exercise therapy is widely used as an intervention in low back pain.
L
ow back pain is one of the leading causes of disability. Exercise therapy is a management strategy that is widely used in low back pain. It encompasses a heterogeneous group of interventions ranging from general physical fitness or aerobic exercise to muscle-strengthening and various types of flexibility and stretching exercises.
In 2000, van Tulder and colleagues (1) published a Cochrane review of the literature assessing the effectiveness of exercise therapy for low back pain for pain intensity, functional status, overall improvement, and return to work. They included 39 randomized, controlled trials of all types of exercise therapy for individuals with acute and chronic nonspecific low back pain. They synthesized the evidence by using a levels-of-evidence approach because of the heterogeneity and insufficiency of the literature and concluded that the evidence did not support effectiveness of exercises for acute low back pain but that exercises may be helpful for chronic low back pain. Since the completion of van Tulder and colleagues' systematic review, several new trials have been published. Recent reviews on related topics have been restricted by population (2) (3) (4) or type of exercise therapy (5) and have used only qualitative methods of synthesis (2, 3, 5, 6) . Recent clinical guidelines that included exercise therapy for low back pain used quantitative methods to synthesize results of randomized, controlled trials; controlled trials; and observational studies (7); however, only 12 studies overlap with the 61 trials included in our review. An updated review on this topic is needed. Cautious use of quantitative meta-analysis for direct and indirect comparisons in appropriate subgroups will be informative to synthesize this literature.
We aimed to assess the effectiveness of exercise therapy for reducing pain and disability in adults with nonspecific acute, subacute, and chronic low back pain compared with no treatment (including placebo and sham treatment) and other conservative treatments.
ister of Controlled Trials (Issue 3, 2004) . We conducted citation searches, screened cited references of exercise reviews, and contacted content experts for additional trials. We did not restrict the searches or inclusion criteria to any specific language. The complete search strategy is available on request.
We included published reports of completed randomized, controlled trials that included adults with acute (Ͻ6 weeks), subacute (6 to 12 weeks), or chronic (Ͼ12 weeks) nonspecific low back pain. We excluded studies that involved individuals with low back pain caused by specific pathologies or conditions. Exercise therapy was defined as "a series of specific movements with the aim of training or developing the body by a routine practice or as physical training to promote good physical health" (6) . We included studies that compared exercise therapy with no treatment or placebo treatment, other conservative therapy, or another exercise group.
Outcomes of interest were self-reported pain intensity, condition-specific physical functioning and global improvement, and return to work or absenteeism. We abstracted outcome assessment data for 3 time periods: shortterm (post-treatment assessment closest to 6 weeks after randomization but not longer than 12 weeks), intermediate (6 months) , and long-term (Ն12 months) follow-up.
We followed a standard protocol for study selection and data abstraction (8) . Two reviewers independently assessed study eligibility, data extraction, trial quality, and clinical relevance. We used consensus and a third reviewer, if necessary, to resolve disagreements. We extracted population characteristics (patient population source or setting, study inclusion criteria, duration of low back pain episode, and age of patients), intervention characteristics (description and types of exercise therapy, duration and number of treatment sessions, intervention delivery type, and co-interventions), outcome data, and overall conclusions about the effectiveness of the exercises onto pretested standardized forms. Assessment of quality included appropriate randomization, adequate concealment of treatment allocation, adequacy of follow-up, and outcome assessment blinding (9) . We defined high-quality studies as those that met all key quality criteria. We assessed clinical relevance of each trial with 4 items: participants described in detail to assess clinical comparability, interventions and treatment settings adequately described to allow repetition, clinically relevant outcomes measured and reported, and probability that treatment benefits are worth potential harms. Reviewers were not blinded to authors, institution, or journal of publication because of feasibility and because they were familiar with most of the literature. We contacted authors of published trials to clarify or provide additional information if the study provided insufficient information.
Statistical Analysis
We discussed the analyses of study results with clinical content experts. We synthesized the earliest outcomes provided for acute, subacute, and chronic low back pain, comparing exercise with no treatment and with other conservative treatment and overall for short-, intermediate-, and long-term follow-up periods. Because of important gaps in the reporting of return-to-work or absenteeism data and global assessment, quantitative analyses were only possible for pain and functioning outcomes. In the low back pain literature, studies used several outcome measures to assess the constructs of pain intensity (for example, a 10-mm or 100-mm visual analogue scale [VAS] or 0-to 10-point numerical rating scale) (see recent review by von Korff and colleagues [10] ) and condition-specific functioning (for example, the 24-point Roland Morris Disability Questionnaire or the 100-point Oswestry Disability Index) (see recent review by Kopec [11] ). There are moderate to high correlations between the different measures of the 2 constructs. In our review, we rescaled individual trial outcomes for pain and functioning to 0 to 100 points. For example, we rescaled a VAS pain score (ϮSD) of 5.1 points Ϯ 2.3 points out of 10 points to 51 points Ϯ 23 points out of 100 points, where positive mean effect sizes indicated improvement (that is, decreased pain and decreased functional limitations). Rescaling is common (11) , and it facilitates comparison and interpretability of the syntheses. On the basis of current literature on minimal clinically important differences, we considered a 20-point (of 100 points) improvement in pain (12) and 10-point (of 100 points) improvement in functioning outcomes (13) to be clinically important. We considered differences to be statistically significant at the 5% level. We assessed the adequacy of sample size to detect these differences in each trial by assuming a power of 90%.
To be consistent with the previous review and to allow for more thorough use of available data, we used both a qualitative rating system and quantitative meta-analyses.
We conducted the latter by pooling weighted mean differences with random-effects models and data from at least 3 studies (14) . We included exercise treatment groups from included trials in the syntheses if they had an independent no-treatment or other-conservative-treatment comparison group. This requirement appropriately meant that we excluded studies with no comparison group (that is, trials that contrasted several exercise therapy groups only) and we did not double-count comparison groups in the metaanalyses. This latter criterion is necessary to avoid correlation in effect sizes resulting from the use of repeated comparison data. We extracted data on means or median follow-up outcomes for study groups. To maximize the available data, we imputed missing variance scores by using the mean variance from studies with similar duration. We conducted sensitivity analyses to assess the effect of excluding studies that reported median values and did not adequately present variance scores. We assessed statistical heterogeneity by using I 2 statistics and 95% CIs (15) . We evaluated publication bias with the Egger test and funnel plots (16) .
We based qualitative assessment of results on primary outcome measures and considered the methodologic quality and the reviewers' overall conclusions for each exercise therapy group. We included exercise therapy groups in the qualitative synthesis if the trial included a no-treatment or other-conservative-treatment comparison group. Two reviewers independently rated the findings for each exercise therapy group. We considered studies to provide evidence of effectiveness if statistically significant improvement was observed in at least 1 key outcome in favor of the exercise group and clinically important improvement was observed within or between groups. We considered studies to provide evidence that the exercise therapy was ineffective if the comparison group statistically significantly improved and the exercise group did not statistically significantly improve. We rated studies as neutral if results were not statistically and clinically significant and as unclear if data were insufficient. We used a consensus process to examine patterns in trial results. Levels of evidence were strong (consistent findings in several high-quality trials), moderate (consistent findings in several low-quality trials or 1 highquality trial), limited (1 low-quality trial), conflicting (inconsistent findings in several trials), or none (no randomized trials available). We defined consistent findings as 75% or more trials (66% in sensitivity analysis) showing similar results.
Further analyses explored heterogeneity due to studylevel variables, such as population source and study quality. We characterized the population sources as health care (primary, secondary, or tertiary care centers), occupational (patients presenting to occupational health care facilities or personnel in compensatory situations), or from a general or mixed population (for example, including individuals recruited by newspaper advertisements) to differentiate the studies with patients in typical treatment settings (health care and occupational) from those including individuals with low back pain who may not normally present for treatment. We compared outcomes for subgroups of studies conducted in these populations (17). We assessed the effect of study quality on effect sizes by using subgroup analysis.
We used SAS for Windows, version 8.0 (SAS Institute, Inc., Cary, North Carolina) (for descriptive); Stata, version 8.0 (Stata Corp., College Station, Texas) (for publication bias); and Review Manager 4.2 (Cochrane Collaboration, Oxford, United Kingdom) for analyses.
Role of Funding Sources
The personal funding sources for an author, the Canadian Institutes of Health Research (postdoctoral fellowship) and the Canadian Chiropractic Research Foundation, had no role in the collection, analysis, or interpretation of the data or in the decision to submit the manuscript for publication. Figure 1 shows details of included and excluded studies. In van Tulder and colleagues' review (1), which as- sessed 10 quality items, including the 4 key items investigated in our review, the reviewers disagreed on 122 of the 351 quality assessment scores (35%). Disagreements were resolved by consensus in most cases, and a third reviewer only had to make a final decision twice. In the new trials included in our current review, the reviewers disagreed on 19 of the 124 key item scores (15%), resulting in a score of 0.76 (95% CI, 0.67 to 0.86), indicating high agreement. For our review, we resolved disagreements by consensus in all but 2 cases, when we needed a third reviewer to reach a decision.
RESULTS

Study Characteristics
The Table contains the descriptive summary and characteristics of the 61 studies included (18 -95), and Appendix Table 1 (available at www.annals.org) presents a complete description of these studies. Only 8 studies scored "positive" on all key validity criteria (18 -31). On the basis of information in the published report, we initially rated 37 (15%) of the key quality items assessed as unclear (the most common item with insufficient description was "adequate concealment of treatment allocation"). Contacting the authors of the trials supplemented this information, modifying 14% of the criteria for which responses were received. Assessment of clinical relevance found that many of the trial publications supplied inadequate information. Ninety percent of studies adequately described the study population, but only 54% adequately described the exercise intervention. Seventy percent of the trials adequately reported relevant outcomes. Few studies reported on adverse events (16 studies [26%] ). Twelve studies reported mild negative reactions to the exercise program, such as increased low back pain and muscle soreness, in some patients. We could not assess the treatment benefit-to-harm ratio because of limitations of reporting. Appendix Table 2 (available at www.annals.org) presents the pain and function outcomes for each trial. The VAS score (out of 100 points) was the most common outcome measure used to assess pain across studies (22 studies), and 83% of studies reporting pain used a VAS score of 100 points, a VAS score of 10 points, a numerical rating scale score of 100 points, or a numerical rating scale score of 10 points. Other pain outcome measures included the McGill pain questionnaire (4 studies), a 5-or 9-point Likert pain scale (1 study), the Aberdeen pain scale (1 study), and the West Haven Yale questionnaire (1 study). The most common functional limitation outcome measures, used in 59% of trials, were the Oswestry Disability Index (15 studies) and the Roland 
Effectiveness Acute Low Back Pain Populations
Ten of 11 trials involving 1192 adults with acute low back pain had nonexercise comparisons. These trials provided conflicting evidence: 1 high-quality trial conducted in an occupational setting found mobilizing home exercises to be less effective than usual care (25), and 1 low-quality trial conducted in a health care setting found that a therapist-delivered endurance program improved short-term functioning more than no treatment (62). Of the remaining 8 low-quality trials, 6 trials found no statistically significant or clinically important differences between exercise therapy and usual care or no treatment and the results of 2 trials were unclear. We most commonly rated these trials as low-quality because of inadequate assessor blinding. One trial (80) had inadequate power to detect clinically important differences in pain, and 5 trials (68, 76, 80, 81, 95) had inadequate power to detect clinically important differences in functioning.
The pooled analysis of trials with adequate numerical data did not show a difference in short-term pain relief between exercise therapy and no treatment (3 trials), with an effect of Ϫ0.59 point (CI, Ϫ12.69 to 11.51 points) out of 100 points. There was no difference at earliest follow-up in pain relief with exercise therapy when compared with other conservative treatments (7 trials 
Subacute Low Back Pain Populations
In 6 studies involving 881 individuals with subacute low back pain, 7 exercise groups had nonexercise comparisons. One high-quality and 1 low-quality trial found reduced absenteeism outcomes with a graded-activity intervention in the workplace compared with usual care (22, 90) . This provides moderate evidence of effectiveness of a graded-activity exercise program in subacute low back pain in occupational settings. One low-quality trial found improved functioning over usual care with an exercise program combined with behavioral therapy (47). We rated 2 trials with inadequate assessor blinding as neutral, although they were adequately powered to detect clinically important differences in at least 1 primary outcome (35, 91). The results of 1 trial were unclear (64). The evidence is conflicting about the effectiveness of other types of exercise therapy in subacute low back pain compared with other treatments.
Meta-analysis of pain outcomes at the earliest followup, including 5 studies with available data, resulted in a pooled weighted mean difference in pain score of 1.89 points (CI, Ϫ1.13 to 4.91 points) relative to any comparison. The pooled analysis of 4 trials presenting data on functional outcomes found a mean difference of 1.07 points (CI, Ϫ3.18 to 5.32 points) relative to other comparisons. Evidence is insufficient to support or refute the effectiveness of exercise therapy in subacute low back pain for reducing pain intensity and improving function. Figure  2 shows the results for short-and intermediate-term follow-up periods in the subacute low back pain population.
Chronic Low Back Pain Populations
In 43 trials including 3907 individuals with chronic low back pain, 33 exercise groups had nonexercise comparisons. These trials provide strong evidence that exercise therapy is at least as effective as other conservative interventions and conflicting evidence that exercise therapy is more effective than other treatments for chronic low back pain. Two exercise groups in high-quality studies and 9 groups in low-quality studies found that exercise was more effective than comparison treatments. These studies, mostly conducted in health care settings, commonly used exercise programs that were individually designed and delivered (as opposed to independent home exercises) (19, 43, 48, 57, 75, 88) . The exercise programs commonly included strengthening or trunk-stabilizing exercises (19, 44, 48, 50, 75, 88) . Conservative care was often added to exercise therapy, including behavioral and manual therapy, advice to stay active, and education. One low-quality trial found that a group-delivered aerobics and strengthening exercise program resulted in less improvement in pain and function outcomes than behavioral therapy (57). Of the remaining trials, 14 (2 high-quality and 12 low-quality) found no statistically significant or clinically important differences between exercise therapy and other conservative treatments. Four of these trials were inadequately powered to detect clinically important differences on at least 1 outcome (56, 82, 89, 92) . We commonly rated trials as lowquality because of inadequate assessor blinding.
Meta-analysis of pain outcomes at the earliest follow-up included 23 exercise groups with an independent comparison and adequate data. Synthesis resulted in a pooled weighted mean improvement of 10.2 points (CI, 1.31 to 19.09 points) for exercise therapy compared with no treatment and 5.93 points (CI, 2.21 to 9.65 points) for exercise therapy compared with other conservative treatment (compared with all comparisons, 7.29 points [CI, Results shown are mean change on a 100-point scale (lines are 95% CIs). Clinically important improvement is considered to be 20 of 100 points for pain intensity and 10 of 100 points for functional impairment.
3.67 to 10.91 points]). At the earliest follow-up, smaller improvements occurred in functional outcomes with an observed mean positive effect of 3.00 points (CI, Ϫ0.53 to 6.48 points) compared with no treatment and 2.37 points (CI, 0.74 to 4.0 points) compared with other conservative treatment (compared with all comparisons, 2.50 points [CI, 1.04 to 3.94 points]). Results considering different follow-up periods were similar for pain and functional outcomes (Figure 2) . Egger test results suggested publication bias among studies in chronic low back pain populations (P ϭ 0.015); funnel plot analysis showed that this was likely because 3 studies demonstrated highly variable, large positive effects (56, 60, 63).
Sensitivity analyses for qualitative syntheses did not affect the conclusions. We conducted meta-analyses, excluding the results of studies that presented data as median scores (21, 57, 58, 62, 89) or did not provide variance scores (40, 41, 63, 68). This did not affect the pooled results for acute and subacute low back pain populations. In chronic low back pain populations, our sensitivity analysis resulted in lower, although still statistically significantly improved, pooled effect sizes. Complete results of all analyses are available on request.
Further Analyses
We conducted analyses on studies from acute, subacute, and chronic low back pain populations to assess the effect of study level variables. Tests of statistical heterogeneity of pain outcomes found that 57% (CI, 12% to 79%), 37% (CI, 0% to 76%), and 81% (CI, 72% to 87%) of the heterogeneity for acute, subacute, and chronic low back pain populations, respectively, was not due to chance. Function outcomes showed values of 80% (CI, 63% to 89%), 47% (CI, 0% to 82%), and 52% (CI, 19% to 71%), respectively. To account for heterogeneity, we used random-effects models and investigated clinically relevant subgroups of studies. A complete exploration of intervention heterogeneity is included in our accompanying paper (96) .
Indirect subgroup comparisons using qualitative synthesis and meta-analysis found that trials examining health care study populations observed higher mean improvements in functioning and pain over their comparison groups than trials examining occupational or general populations (Figure 3) . In chronic populations, mean improvements in health care settings were 13.3 points (CI, 5.5 to 21.1 points) for pain and 6.9 points (CI, 2.2 to 11.7 points) for function outcomes. The adjusted differences between studies with different source populations found statistically significantly greater improvement in outcomes in health care populations compared with studies from general population or mixed populations, with a mean improvement of 9.96 points (CI, 1.6 to 18.4 points) in pain outcomes and 5.52 points (CI, 0.6 to 10.4 points) in functioning.
We conducted meta-analyses on the subgroup of high- Results shown are mean change on a 100-point scale (lines are 95% CIs). Clinically important improvement is considered to be 20 of 100 points for pain intensity and 10 of 100 points for functional impairment.
quality trials. The observed effectiveness of exercise therapy decreased and only remained statistically significant for pain outcomes in the chronic low back pain population.
DISCUSSION
We believe that our review is the most up-to-date assessment of the effectiveness of exercise therapy in key population subgroups. For the most part, results were similar by using either a qualitative rating system or meta-analysis. We draw the following conclusions, which provide useful information for primary care clinicians to help guide their patient management and referral practices.
1. In acute low back pain, evidence suggests that exercises are not more effective than other conservative treatments. Meta-analysis showed no advantage over no treatment for pain and functional outcomes over the short-or long-term follow-up.
2. Some evidence suggests effectiveness of a gradedactivity exercise program in subacute low back pain in occupational settings. The effectiveness for other types of exercise therapy in other populations is unclear.
3. In chronic low back pain, evidence strongly suggests that exercise is at least as effective as other conservative treatments. Individually designed strengthening or stabilizing programs seem to be effective in health care settings. Meta-analysis found functional outcomes statistically significantly improved; however, the effects were very small, with less than a 3-point (out of 100) difference between the exercise and comparison groups at earliest follow-up. Pain outcomes also statistically significantly improved in groups receiving exercises relative to other comparisons, with a mean of approximately 7 points. Effects were similar over longer follow-up, although CIs increased. Mean improvements in pain and functioning may be clinically meaningful in studies from health care populations in which improvements were statistically significantly greater than those observed in studies from general or mixed populations.
Our study has several strengths and also some limitations. Many randomized, controlled trials informed our study, and we collected the data in a systematic way within the framework of the Cochrane Collaboration, suggesting that our synthesis represents the current state of the literature. However, limitations in the quality and reporting of the trials are notable. We rated only a few studies as highquality, and this may have led to an overestimation of effect. Also, many studies lacked information to assess quality and clinical relevance. Contacting the authors of the trials provided data that were missing, emphasizing the importance and usefulness of this practice. The only outcome measure used in most studies was pain intensity (in 85%), which limits the ability to report on other important outcomes. In 1998, a group of back pain researchers recommended standardized use of outcome measures in back pain research, suggesting a minimum of pain, functional status, and general health measures (97) . The lack of consistency observed is disappointing, as is the fact that only three quarters of the studies in our review included a measure of functional status and only 15% included a measure of general health. Journals in the field of back pain should adopt reporting guidelines (98) and, even more important, use them in their review process to improve the quality of future reports of trials in this field. We found potential publication bias in studies in chronic low back pain, which may have resulted in an overestimation of the effectiveness of exercise therapy in this population. Initiatives in other fields to register randomized, controlled trials will also be important in low back pain research. We used both qualitative and quantitative synthesis strategies in our review, which were informative. Qualitative synthesis methods facilitate the inclusion of results from trials that inadequately report outcomes. This is particularly useful when only some studies are available, for example, in subacute populations in our review. However, the qualitative synthesis was more challenging in assessing the evidence in chronic populations, where many studies were available.
Our meta-analysis found no evidence that exercise therapy is more effective than no treatment in improving outcomes in acute low back pain. This finding is consistent with the original Cochrane review on this topic (1) and other systematic reviews (2, 6, 7). However, we emphasize that exercise therapy is not the same as advice to stay active, which is a recommended treatment strategy in acute populations (6, 99) . In the subacute population, which was not considered separately in the original Cochrane review, 6 trials were available. In a recent systematic review of various conservative interventions, Pengel and colleagues (100) concluded that there was an important gap in evidence for these interventions in treating subacute low back pain. In our review, 2 trials (22, 90) found reduced absenteeism outcomes with a graded-activity intervention compared with usual care, although there continues to be uncertainty about other types of exercises and in health care populations. We also recommend more clear definitions and further high-quality research of exercise therapy in this population. Finally, our positive findings in chronic low back pain populations reflect the conclusions of earlier reviews (2, 6, 7). Our quantitative analysis estimates the average treatment effect and its uncertainty, highlighting an overall small treatment benefit. Our finding of greater improvement in trials investigating health care populations is important. Future intervention studies should be conducted in populations that are seeking care and therefore best represent low back pain patients. We do not recommend further research on the effectiveness of general exercise therapy interventions in chronic low back pain. Trials should investigate specific exercise intervention strategies in welldefined populations of patients with low back pain (96) .
Evidence from randomized, controlled trials demonstrates that exercise therapy effectively reduces pain and functional limitations in the treatment of chronic low back pain, although cautious interpretation is required due to limitations in this literature. Overall, mean improvements in outcomes across all research settings are small, although statistically significant, compared with other conservative treatment options. Clinically important improvements are more likely in health care settings. Some evidence suggests effectiveness of a graded-activity exercise program in subacute low back pain in occupational settings, although the evidence for other types of exercise therapy in other populations is unclear and further research is required. This literature suggests exercise therapy is as effective as either no treatment or other conservative treatments for acute low back pain. 
